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Abstract 
In the recent years, traffic incidents sharply increase in Turkey. Although traffic regulations strictly applied in Middle East Technical 
University Campus (METU), Ankara, Turkey, this increasing trend also present in the campus. To prevent traffic incidents, it is 
crucial to understand where and how they take place, the relations among the incidents, and the locations. The aim of this study is to 
make a traffic pattern analysis concerning time and locations within METU Campus using spatial data analysis tools. The study aims 
at answering whether there are any locations which show clustering in the distribution of traffic incidents and there are any changes 
in the distribution of traffic events for different seasons, days and time periods. In the existing system the events are recorded by 
gendarmerie and there is no tabular or visual database for the events. Concerning such a need METU Campus is selected to create a 
traffic incident database and analyze the pattern of incidents. The Traffic incidents are analyzed with both point and areal data 
analysis for determining whether there is regularity or clustering in the data. The incidents on road are used in the kernel density 
estimation with network distances along the road network. Nearest Neighbor Distance and the K-function exploration methods have 
been applied to determine the spatial relation in terms of distance between the incident locations. The results of different methods are 
compared with each other in order to identify the hot spot zones on roads. The results showed that there are clustering in the traffic 
incidents and the number of incidents changes by season, day and week. The results could be used as a tool for the management of 
the traffic system within the METU Campus for improving the traffic safety. 
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1. Introduction 
In the recent years evaluating crime events became an important subject for socialists and the local authorities. In 
this context, traffic incidents which are one of the crime events that occur on roads and parking lots have a great 
importance. In order to improve the traffic safety, it is crucial to understand the dynamics of incident, where and how 
they take place, the relations among the incidents, and the locations. The analysis of incidents will help authorities to 
predict the future events, understand the leading reasons and to take the necessary precautions.  
The scientists have developed various techniques and tools to understand the traffic incidents. The relation between 
the incidents and population, traffic density, type of the settlement area, nearness to the business centers is searched. 
GIS softwares are commonly used to visualize overall traffic incidents concerning their functions of collecting, editing, 
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storing, integrating spatial data. Moreover they can asses’ traffic incidents by spatial data analysis tools.  “Although a 
wide variety of statistical and analytic techniques exist to examine   problems, analysts are increasingly using 
geographical information systems. Spatial analysis softwares are capable of data entry, data manipulation, pattern 
identification, clustering, data mining, and geographic profiling” (Polat, 2007). 
Researchers and crime analysts are concerned with identifying a crime hot spot reliably and objectively. Spatial 
statistical techniques with geographic information systems are combined to detect real hot spots. 
In this study, traffic incidents are analyzed by using different spatial analysis tools and softwares for METU Campus 
area.  The study tries to answer the following questions; 
• What kind of pattern do the traffic incidents show in the campus? Are there any locations which show clustering in 
the distribution of traffic incidents? 
• Are there any changes in the distribution of traffic incidents for different seasons, days and time periods? 
2. Study Area 
The METU Campus is located on the Ankara-Eskiúehir highway. All the departments are located in the campus area 
except Marine sciences which is located in Icel. The campus also provides other facilities in sport halls, cultural center, 
shopping centers and stadium. The dormitories provide residence for students, and there are houses for academics in 
ODTU Kent and near shopping area. There are totally 81 parking areas with 2583 car capacity. 
The entrance to the university campus is controlled by the security staff of university. Guests are allowed to enter the 
campus area by leaving ID cards to the security desks. For the students and staff it is possible to enter by stickers or 
students-staff ID cards. Until 2009, the security of METU Campus was under control of Gendarme which has a site in 
the METU Campus area, located near A4 Gate. 
3. Data and Methodology 
459 traffic incidents were recorded between the years 2003-2008 within the METU Campus. The data was taken 
from Gendarmerie in the paper form. Unfortunately there was no common format for the reports and no specific address 
was given for the locations. The locations were described as building name, or the name of the road. But no information 
was given as an exact location for the roundabouts or the parking areas. The events were classified as double sided, one 
sided, multi sided, accidents resulting injuries and damaging incidents. 
The traffic incidents are analyzed with both point and areal data analysis methods. First all of the traffic incidents 
were used and visualized in order to determine whether there is regularity or clustering in the data. The changes within 
day, season and week are searched and several different changes are found. The incidents on road are used in the kernel 
density estimation with network distances along the road network. Nearest Neighbor Distance and K-function 
exploration methods has been applied to determine the spatial relation in terms of distance between the incident 
locations. Then, these distances are used for analysis of K-means and NNh Hierarchical clustering algorithms. 
Clustering algorithms are analyzed and compared with each other in order to determine the hot spot zones on roads. The 
flowchart of the methodology is depicted in Fig. 2. 
4. Discussion of Results 
As mentioned before, Traffic incidents are grouped as double sided, one sided, multi sided, accidents resulting 
injuries and damaging incidents. The graph below shows the numbers of incidents recorded between years 2003-2008. 
As it can be seen from the graph most of the incidents are “multi sided” and “Damaging Incidents”. In order to 
understand the incidents they are evaluated according to the day and time of the incident. 
Traffic events are generally clustered in Monday. This is probably due to the rush of the first day of the week. On the 
other hand, Saturday and Sunday is the weakest days for traffic accidents with the percentages of 11% and 10%, 
respectively.  
When the traffic incidents were evaluated by time periods it is seen that most of the accidents happen between 12.00 
and 19.00 which is lunch time and return time of the day with traffic rush. The time periods between 10.00 and 12.00 
and after 19.00 do not show high rates of accidents. So it is possible to say that the main reason of the traffic accidents 
can be the high traffic load on the roads. 
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Fig. 1. Map of METU campus (METU, 2008) 
 
Fig. 2. Flowchart of methodology 
When the traffic incidents are explored by seasons it is seen that while spring, autumn and winter show closer 
numbers of incidents summer is nearly half percent of the other seasons since in summer season the traffic density in 
the campus is less than the other seasons.  
4.1. Visualization and Exploration Traffic Incidents 
The analysis of daily events show that the Monday incidents show small clusters around Dormitories, Houses, 
Technocity and stadium regions. The same data is evaluated by Kernel density method with 200 m bandwidth and it is 
seen that the shopping center (SC) region is the most dangerous part for the traffic accidents. Moreover there is also 
clustering of incidents around Educational Sciences (ES), cafeteria and library regions. It is seen that early hours in the 
morning there are 9 small groups of incidents spread around the campus, by lunch time incidents are clustered around 
the road between cafeteria and SC and crossroad which turns to preparatory school (PS) side from the main road of 
campus. By afternoon incidents are clustered around Culture and Congress Center (CCC), SC and dormitories and late 
in the evening there are small groups of incidents around PS, dormitories and SC region. 
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Fig. 3. Graph showing the number of traffic incidents according to incident type 
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Fig. 4. Percentages of traffic incidents day by day 
Table 1. Classification of traffic incidents within time periods 
Time Period # of Events 
08:00-10:00 70 
10:00-12:00 47 
12:00-14:00 92 
14:00-16:00 94 
16:00-19:00 91 
19:00-24:00 51 
24:00-08:00 14 
Table 2. Classification of traffic incidents within seasons 
Season # of Events 
Spring 133 
Summer 77 
Autumn 118 
Winter 130 
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Fig. 5. Traffic incidents by time (Incident locations, kernel density results) 
The analysis of traffic incidents by seasons show that in autumn there are 5 locations for traffic incidents which are 
ES, Humanities Sciences, SC, dormitories, cafeteria and near Bilkent Gate region. By winter the incidents more 
clustered around the road which starts from dormitories and continue to the A1 Gate. It is also evident that these 
incidents are clustered around the crosses of this road with the secondary roads. 
In spring, incidents are clustered around the road starting from SC to the A1 gate, but the incidents continue to the 
PS- ES roads. In this season the number of traffic incidents increase and it is possible to see clustering not only on the 
crossroads nearly all along the main roads. 
By summer it is seen that the incidents spread to the road to A4 gate and more to the dormitories region. 
As a result it is possible to say that the traffic incidents are more located around the main roads. While incidents are 
more around the crossroads in winter and autumn, they are more along the road to the dormitories and A4 gate region in 
spring and summer. The traffic kernel results day by day shows that Wednesday shows a group of incidents around SC, 
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on Saturday, Sunday and Friday incidents are more clustered around dormitories. Monday, Wednesday and Friday also 
shows a cluster around ES region. The most obvious cluster group is given on Saturday near SC region. 
  
Fig. 6. Kernel density on roads with network distance 
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Fig. 7. Kernel results for traffic incidents by season 
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SUNDAY 
 
Fig. 8. Kernel results for traffic incidents for each day 
4.2. Nearest Neighborhood 
Fig. 9 shows nearest neighborhood results for 225 points and it is seen that, in short distances there is a clustering for 
traffic incidents on road from 20 m to 100 m. The clustering is not so strong but some clustering can be seen at about 
15, 50, 100 meters. 
 
Fig. 9. Nearest neighborhood result for traffic incidents (K-order) 
4.3. The K Function 
The analysis of K function graph shows that there are various clusters on 100, 190, 300 and 380 meters, it is not 
possible to speak about regularity for traffic incidents. When we analyze the Ripley K (Rectangular Edge Correction) 
with 100 simulations show that the L function in not between min and max values of the L function which also means 
traffic on road incidents show clustering pattern. 
4.4. K Means Clustering 
Fig. 11 shows the result of K means clustering for several different cluster numbers. The clustering regions is mixing 
when the analysis is applied for 3 clustering. But when the number of cluster zones is increased, It can be seen that for 6 
clusters, the cluster around PS region is divided into two region as ES and PS. Also if the number of clusters is 
increased to 7, a traffic incident group is easily noticed near A7 gate where most of the Bilkent residents use this gate to 
enter the campus. 
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Fig. 10. K Function result for traffic incidents 
The analysis of NNh clustering results show that 300 and 380 m gave nearly same results, although their convex hull 
shapes are not similar. After the analysis of NN Analysis, there is a big clustering at 380 meters, so the NNh clustering 
with 380 meters can be used with 5 clusters. The results of NNh clustering show that there are 5 clusters in METU 
Campus area. 
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Fig. 11. K Means for traffic incidents with various given clusters 
190 meter 300 meter 380 meter 
Fig. 12. Nearest neighbor clustering 
5. Conclusion 
In the study, traffic incidents are analyzed for the period of 2003-2008. This study is one of the earliest one that is 
conducted in a University campus for the purpose of analyzing traffic incidents in terms of spatial and temporal 
variations in Turkey.  
When the incidents are analyzed as a whole, they are generally clustered in Monday. This may be caused by the rush 
of the first day of the week. On the other hand, Saturday and Sunday are the weakest days for traffic accidents with 
Saturday 11% and Sunday 10%.  
When the traffic incidents are evaluated by time periods, it is seen that most of the accidents happen between 12.00 
and 19.00. The time periods between 10.00 and 12.00 and after 19.00 do not show high rates of accidents. So it is 
possible to say that the main reason of the traffic accidents can be the high traffic load on the roads. 
After visualization of all incidents, it is seen that most of the incidents are located around CCC and SC.  
The analysis of incidents on roads shows that there are four risky cross roads. These are dormitories cross road, main 
cross road, library cross road and PS cross road. Especially PS and library cross roads are important ones. Institution 
must pay more attention to these cross roads. It is suggested that a traffic light must be installed for PS cross road. The 
traffic light was installed in 2009 for PS cross road. A police or security member must be assigned to library cross road 
for traffic controls between 12 and 16 hours. 
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